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Descrlpﬂch
FIELD OF THE INVENTION

This invention relates to a process for preparing selectively hydrogenated polydiene block copolymers with re-
giospecifically placed epoxy groups. The process involves polymerizing a conjugated diolefin under anionic polymer-
ization conditions to form a fiving polydiene which is combined with a conjugated diolefin having a degrae of substitution
different than the previcusly mentioned conjugated diolefin 1o formn a block copolymer which is reacted with hydrogen
pas in the presence of a soluble transition metal catalyst and an organometaliic reducing agent 1o form a selectively
hydrogenated block copolymer, and epoxidizing the unsaturated sites of the non-hydrogenaled blocks. This process
allows a variety of structural geometries to be obtained in which the level ot functionality is varied indopendent of
molecular weight.

BACKGROUND OF THE INVENTION

There are numerous references on the epoxidation of polydisnes by either stoichiometric or eatalytic procedures.
For example, polyisoprene and polybuladiene have been epoxidized with peracetic acid and peroxytormic acid. In
addition, m-chloroperbenzoic acid in chloroform solution has been used to epoxidize cis- and rans-1,4-polyisopranes
and polybuladienes. Catalytic procedures employing a tungsten-peroxo complex have bean used to epoxidize unac-
tivated alkenes, using hydrogen peroxide as the oxidant, without appreciable side reactions, in a heterogeneous en-
vironment. In the above examples, the amount of substitution may be accurately controlled to a level of a least 40 mole
percent, however, the placement of the epoxy groups cannot be controlled. In addition, none of the systems are ame-

‘nable to absolute regiospecific control of the epoxy groups.

Epoxidation of block copolymers comaining one or more polystyrene blocks and cne or more polydiene blocks by
stoichiometric procedures is reported in U.S. Pat. Nos, 3,555,112, 4,051,199, 4,131,683 and 4,131,725. A catatytic

" procedure for epoxidation of styrene/butadiene block copolymers is described by X. Jian and A.S. Hay in the Journal

of Polymer Science, Chem. Ed., 29, 547 (1991), wherein conversions of over 70 mole percent were obtained in the
absence of side-reactions. Such stoichiometric and catalytic procedures for epoxidizing block copolymers containing
one or mere polystyrene blocks and one or more polydiene blocks, however, are regiospecific only by defaul since
the polystyrene blocks ere inen to epaxidation.

Block copolymers containing polyisoprene blocks and polybutadiene blocks have been selectively hydrogsnated
under conditions where the polybutadiene segments were completely saturated while the polyisoprene segments were
left untouched by J.C. Falk in the Journal of Polyrer Science, Pt. A-1, 9, 2617 (1971). Falk employed coordination
catalysts to hydrogenate less substituted polyoletins while leaving more substituted polyolefins intact. Three catalyst
systems were described, consisting of either LVCo, Li/A1, or Ni/A1 combinations. The selectivity of these types of
homogeneous catalysts was shown to be highly dependent on concentration, molar ratio of metals, and ligand type
on the alkyl source. No further derlvatization reactions of the selectively hydrogenated biock copolymers were dis-
closed.

R. J. Hoxmeier in U.S. Pat. Nos. 4,879,349 and 5,001,199, discloses a process for selectively hydrogenating a
polymer containing at least iwo different conjugated diolefins, one of which is more substituted at either of the olefinic
carbon atoms. Hoxmeier discloses a diblock copolymer and a triblock copolymer. The diblock copolymer contains a
polystyrene block and a random butadiens-isoprene copolymer block, where the butadiens units are selectively hy-
drogenated to form what amounts to an ethylens/1-butensa/isoprene segment. The triblock copolymer contains poly-
styrene terminal blocks and a random butadiene-isoprene inner block where the butadiene units are selaclively hydro-
genated. The catalyst system employed is a combination of nicke! octoate and trialky! aluminum in a molar ratio of 1
to 1.5 - 2.8 for Al to Ni. Although these low ratios of Al to Ni generally result in a highly active catalyst, selectivity is
obtained by employing a catatyst concentration of 0.1 to 0.001 millimoles of nickel per gram of polymer. The polymers
produced by the hydrogenation process wera limited 1o residual unsaturation conients of less than or aqual 16 40 mole
percent. : .

European Patent App. No. 81300315.8 discloses elastomsric block copolymers which contain residual unsatura-
tien in the terminal blocks only. Such slastomeric block copolymers do not include any diblock systems since triblocks
are required to form an elastomeric network substantially free of non4oad bearing chains. It is impeniant to nole that
European Patent App. No. 91300315.8 specifies that the product should not be excessively crystaliine, which would
be dsleterious to the elastomeric qualities of the product. Excessively crysialiine was defined as containing over 10%
crystallinity normalized to a polyethylene standard.

None of the references suggested the epoxidation of selectively hydrogenated block copolymers, which do not

-contain aromatic segments. In addition, the references did not discuss diblock systems or tapered biock copolymers

of any architecture. Moreover, it was not specified whether epoxidation would exhaustively or parﬁal_ly functionalize
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the substrate, and whether or not significant sids reactions would cause a variation in the actual composition of mat__!er.
SUMMARY OF THE INVENTION

5 It is therefore an abject of the present invention to provide a process for preparing a selectivety hydrogenated
polydiene block copolymer with regiospecifically placed epoxy groups, which.is usetul as a compatibilizer for polymer
blends, said process comprising the following steps:

(!) polymerizing a conjugated diolefin in a solvent selected from the group consisling of polar and nonpolar solvents
10 under anionic polymerization conditions to form a living polydiene; -

(1) combining the polydiene of Step (1) with a conjugated diolefin having a degree of substitution difierent than the

conjugated diolefin of Step ()) to form a block copolymer;

(1) reacting the block copolymer of Step (I1) with hydrogen gas In tha prasence of a solubla transition metal catatyst

and an organometallic reducing agent to form & selectively hydrogenated biock copolymer wherein the lass sub-
15 stituted blocks are al Isast 98% hydrogenated;

(V) epoxidizing the unsaturated sites of the non-hydrogenated blocks.

The present invention is also direcled to a selec(ivaly hydrogenated polydiene block copolymer with regiospeclﬂ-
cally placed epoxy groups prepared by !he above describad procass

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood and further advantages will become apparent when reference is made
to the following detailed description of the invention and the accompanying drawings in which:
25 FIG. 1 is a photomicrograph of a 80/20 waight parcent PETG/polypropylene blend without any block copolymer
compatlibilizer at a magnification of 2000X.
FIG. 25 a photomicrograph of a 75/20 weighl percent PETG copolyester and polypropylene blend with 5.0 weight
percant of 0.7K epoxidized polyisoprene-35K hydrogenated polybutadiene block copolymer at a magnification of
© 2000X.
30
DESCRIPTION OF THE INVENTION

The present invention is concermned with a process for preparing a selectively hydrogenated polydiene block co-
polymer with regiospecifically placed epoxy groups. The process involves four steps. In the first step, a conjugated

35 diolefin Is polymerized under anlonic polymerization conditions to form a living polydiene. The second step involves
combining the polydiens of Step (I} with a conjugated diolefin having a degres of substitution different than the conju-
gated diolefin ot Step (1) to o a block copolymar. Polymers and copolymers of conjugated diolefins are polymerized
in both polar and nonpolar solution by contacting the conjugated diolsfin(s) with an anionic initialing species.

Anionic initiating species include organclithium compounds, bimetallic compounds and alkali metat naphthalene

<40 complexes, Bimetallic compounds are oblained by reacting m-diisopropenylbenzens, 1,3-bis{1-phenyivinyljoenzene,
or the various isomers of divinyl benzene with an appropriate alkyl lithium speciss such as sec-butyl lithium or n-butyl
lithium. Other combinations are possible to achieve bimetallic compounds. Alkali metal complexes of aromatic hydro-
carbons, paniculary lithium, sodium or potassium naphthalene, also function as dianionic initiators in polar solvents,

such as THF. The prelerred anionic initiators, however, are organolithium compounds having the general formula, RLL .

45 In this formula, R is an aliphatic, aromatic, or cycloaliphatic group containing one or more carbon aloms and x is an
integer from 1 to 20. Suitable organclithium compounds include: methy! lithium, ethy! lithium, n-butyl lithium, sec-butyl
lithium, tert-butyl lithium, pheny lithium, and naphthyl lithium. The preferred organolithium compounds are n-buty)- and
sec-butyl lithlum.

The anionic polymerization of the conjugated diotefin to formn a living polydiens may be conducted in both polar

so and nonpolar solvents. In gensral, the solvent requiremnents are such that no acid hydrogens or other functionalities

are present that would be reactive with a living anionic species, resulting in unwanted initiator deactivation or chain

termination reactions. Suitable nonpolar solvents include linear, branched, and cyclic chain hydrocarbons containing

4 to 12 carbons atoms, such as cyciohexane and heptane. in addition, aromatic and alky! substituted aromatic hydro-
carbons containing 6 to 12 carbon atoms, such as benzene, toluens, xylens and tetralin may be used.

55 Polar solvents, such as ethers, cyclic ethers, aminss, and mixtures thereof, function as the polymerization medium
alone or as cosolvents with hydrocarbon diluents. Although reactions may be conducted in a purely polar solvent
medium such as THF, it is preferred to incorporate potar compounds in the reaction medium as moditiers or additives.
In polar moedified anionic polymerizations of conjugated diolefins, the reaction kinetics are accelerated and the micro-
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“structure of the resulting polydienes is significantly altered In comparison to anionic polymerizations conducted in com-
pletely nonpolar environments. For example, polybutadiene can exist in either the 1,4 or 1,2 microstructural forms as

follows:
s
—f- H,C — HC == CH — CH,—}— -+ H,c — en,-3
H,C ==
° (1,4) (1,2)

The terms 1,2- and 1,4-microstructure or units as used in this application refer to the products of polymerization ob-
tained, respectively, by the 1,2- and 1,4- additions of monomer units into the growing polymer chain. It is obvious,

15 however, that dilferent microstructural forms will be obtained for polydisnes which vary in structure and number of
substituents.

The substituents direclly attached to the olefinic carbon atoms of the conjugated diolefins may be hydrogen, alkyl,
eycloalkyl, halogen, aryl, cyano, alkyl ether, ary! ether, and combinations thereof. The preferted substituents are hy-

. drogen, halogen, and alky! substituted conjugatad dienes. The polar modifiars may be present in amounts up to 100%
20 of the diluent volume, theraeby serving as the polymerization solvent or cosolvent, but preferably will constitute less
than 10% of the solvent volume, and most preferably less than 1% of the totat solvent.

The polar moditiers may be any compound that does nol contain an acid hydrogen or other functionality deletenous
to a living anion. Suitable examples include linear, branched, cyclic aliphatic and cyclic aromatic amines and ethers.
Specific polar modifiers include: tetrahydroturan, dipiperidinoethane, tetramethylethylenediamine, digltymes, anisols,

25 trialkylamines, crown sthers, triglyme, and ethyl sther. '

The anionic polymerization reaction of lhe conjugated diolefin to form a living polydiene shoukd be conducied at a
temperature in the range of -100°C. 10 200°C.,, preferably in the range of 0°C. to 100°C. Most preferably, the potym-
erization temperature should be in the range of 25°C. to 75°C. underreduced pressure or greater than ambient pressure
of inert gas. Any of the known anionic polymerization methods such as sequential monomer addition, exploitation of

S0 monomer mixtures of different reactivities to result in tapered block formation, multifunctional initiation species, and
polymer chain coupling techniques may be used. The polymer architectures include diblock, muttiblock, radial, tapered
and random block. Cerlain polymer architactures may be preferred in certain embodiments. For examgple, diblocks and
tapered blocks, whereby a gradual changs is effected from a block composed of one monomer to a block composed
of a second monomer, ‘are useful as precursors to a compatibilizer for polymer blends containing polyolefins.

35 The conjugated diolefin monomers useful in the present invention have a minimum of 4 carbon atoms and are of
the general farmula:

o | . c-=-=f—ﬁ==cﬂ-—n’

2

In the above tormula, R', R2 and RS independantly represent hydrogen, alkyl, aryl, halogen, alkyl ether, and aryl ether.
Specific conjugated diolefins include: isoprene, 1,3-butadisne, 1,3-pentadiene (piperylens), 2,3-dimethyl-1,3-butadi-

96  ene, 2-methyl-1,3-pentadiene, 1,3-hexadiene, 2-chloro-1,3-buladiene (chicroprens), 2-phenyl-1,3-butadiene,
myrcene, and 2,3-diphenyl-1,3-butadiene. Preferably, the conjugated diclefin is isoprene, 1,3-butadiene, or chicro-
prene. Mixtures of the various conjugated diolefins in one or mors of the blocks is within the scope of this Invention,
.as lang as the overall level of subslitution in a block remains consistent to allow selective hydrogenation.

Vinyl aromatic hydrocarbon monomers may be used in the invention in one or more of the block segments to

s¢  facilitate the control of certain physical paramelers, such as glass lransition temperature (Tg), hardness, solubility, and

permeability. Representative examples include: styrene, a-methylstyrens; mono-, di~, and muttiatkylated styrenes (e.

9. p-methylstyrene, and p-tert-butyl styrane), vinyl naphthalene and alkylated derivatives thereof, vinyl anthracens,

and vinyl foluene. Preferred are styrene, a-methylstyrene, p-methylstyrene, and vinyl toluene. The most preferred vinyl
aromatic hydrocarbon monomer is styrane.

55 - Wis critical that the conjugaled diolefin monomers be carefully selecled, since incorporation of at least two diene
monomers varying in degree of substitution on one or more of the olefinic carbon atoms is necessary. This point is’
illustrated by examining a block copolymer composed of isoprene containing blocks and 1,3-butadiene containing
blocks.
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The polyisoprene block which exists predominately in either a cis-1,4 or 3.4 addition enchainment has a degree of
substitution of 3 for the 1,4-units and 2 for the 3,4-units. The palybutadiene block which exists in either a cis-1,4, trans-
1,4, or 1,2 addition enchainment has a degree of substitution of 2 for the 1,4 unils and 1 for the 1,2 units. It is important
to note that 1,4 addition ylelds backbone double bonds and 1.2 or 3,4 addition yield pendant double bonds. Thus, the
block copalymer structural requirements may be generally stated as one block segment having more steric hindrance
around the double bond than the other block.

The molecular weight of the more substituted polydiene block is generally lower than the molecular weight of the
less substituted polydiene block. A reasonabls rangs of molscutar waights for the less substituted polydiene block is
1000 to 1,000,000 dalions, preferably 5000 to 500,000 dattons, and more preferably 10,000 to 250.000 daltons. The
molecular waight range for the more substituted polydiens block is 100 to 250.000 daltons, preferably 300 to 100,000
daltons, and more preferably 500 to 50,000 daltons. The total molecular weight for the di- and multiblock copolymers
is in the range of S000 to 2,000,000 dattons, preferably 10,000 to 500,000 dalions, and more preferably 15,000 to
300,000 daltons.

Step (1) involves reacting the block copolymer of Step (1) with hydrogen gas in the presence of a soluble transition
metal catalyst and an organometallic reducing agent to form a selectively hydrogenated block copolymer. It is critical
that the hydrogenation procedure saturate the less-substituted polydiene block. Panial hydrogenation of the more
substituted polydiene block can be varied. The less substituted blocks should be at least 88% hydrogenated, preferably,
greater than 99% hydrogenated. The hydrogenation may be conducted in the same solvent that was used for the
anionic polymerization.

For example, hydrogenating a block copolymer composed of isoprens containing blocks and 1,3-butadiene con-
taining blocks results in a poly[isoprene/(ethylene/1-butene)] block copotymer having the structure:.

Solvents useful in this invention include linear and cyclic aliphatic hydrocarbons such as cyclohexane or n-heptane,
and aromatic hydrocarbons such as benzens and toluene. The coneentration of the copotymer in the solvent is such
that the copolymer remains in solution for the duration of the process. A typical concentration of copolymar in solvent
is in the range of 1 to 50 weight percent, preferably 5 to 20 weight percent. it is also possible 1o hydrogenate a low
viscosily liquid copolymer in the absence of a solvent.

The hydrocarbon solvent rnay contain polar additives such as linear and cyclic amines or ethers. The hydrogenation
reaction is perfonmed at pantial pressures ranging from slightly above ambient to 5,000 psig (34576 KPa). A low pressure
method is prefarred where partial hydrogen pressures of S (136 KPa) 1o 200 psig, (1480 KPa) preferably 10 (170 KPa)
to 100 psig (791 KPa) are smployed at catalyst levels ranging from 0.1 1o 0.5 mole percent, preferably 0.2 1o 0.3 mole
percent of transition meta! based on total moles of less-substituted unsaturated units. At higher pressures, namely 100
(791 KPa) to 1000 psig (6996 KPa), it is possible to use catalyst levels from 0.01 10 0.1 mole percent of fransition metal
based on tolal moles of the less-substituted unsaturated units. In either method it is preferred to ulilize a reaction
temperature between 20°C. and 100°C., more preferably 50°C. to 90°C. Reaction times are dependent on the actual
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5 the periodic table, preterred are the Group Vil metals, Particularly nicke! and cobalt alkoxides ang carboxylates, most
preferred are nickel(ll)octoate ang cobalt(ll)actoats. The octoate ligand is mast often present as the 2-ethylhexancate
geometrical isomeric form. ‘

Organometallie reducing agents are most often selocted from Group I-A, lI-A, or Ill-A metal alkyls, hydrides, and
alky! halides. Preferred are alkyl aluminum, alkyl fithium, and aryl lithium compounds, for example, n-buty! lithium, sec-

70 butyt lithium, phenyl lithium, triethyl aluminum, tri-iscbutylaluminum, ang tristhylaluminum chioride. The mofar ratio of
reducing metat to transition metal mustbe accurately controlled, since it is well known that the hydrogenation selectivity
of any catalyst combination deserlbed above will vary widsly tor a particular metat combination, In general, the molar
ratio of reducing metafto transition metalis between 1:1 and 10:1, preferably between 1:1 ang 7:1, and more preferably
between 2:1 and 5:1. Preferred are the aluminum-nickel, aluminum-cobalt, and lithism-cobait systems. Combinations

s of reducing agents may also be used, . .

The catalyst may be prepared in the same solvents that are used to conduct the hydrogenation reaction by adding

20 casesltis desirable that formation of the catalyst ba conducted attemperatures in therange of 20°C. to 80°C,, preferably

25 number of doubls bends this is not usually performed since fing-opening side reactions occur at higher epoxy contents.

30 invention includes 8ny specialized isorneric forms that may be obtainsd not only by controlling the addition mode, i.e.,
1.4 versus 3,4, but also any geometrical isomer fomns, ie., cls or trans, that are possible. Selective catalytic hydro-
genation and/or epoxidation reactions are ofien partially selective to a certain isomer of a given polydiene.

(a.) Exhaustively epoxidized, selactively hydrogenated block copolymaer
as :

<0
45
. 60

58
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(e.) Panially spoxidized, semi-selectively hydrogenated block copotymer

10

(d.) Exhaustively epoxidized, semi-selectively hydrogenated block copolymer
1

20

25

The solvent requirements are such that the polymer must remain in solulion upon conversion from a partially
unsaturated polyolefin 1o an epoxy-functional block copolymer. Nonpolar hydrocarbon solvents are well suited for this
purpose and may be dsfined as linear-, tranched-, cyclic chain aliphatic and aromatic hydrocarbons containing from

30 410 12 carbon atoms. Examples includs: pentane, heptane, cyclohaxans, benzene, tatralin, toluens, and xylene. The
reaction medium may contain polar additives, present from the polymerization procedure at levels up to 20 percent of
total solvent.

The concentration of the polymer solution is not critical, however, high viscosities will create processing difficulties.
It is typical behavior for viscosity to increase with molecuiar weight, therefore, epoxidation of high molecular weight

35  block copolymers is usually performed at solution concentrations ranging from 1 to 30 weight percent, preferably 5 to
20 weight percent. The reaction tamperature will depend to a centain degree on the overall process conditions and
desired kinetics. Excessively high lemperatures, however, should bs avoided since such temperatures may rasult in
the formation of gel bodies. A reasonable temperature range for the epoxidation reaction is 0°C. to 150°C., preferably
25°C. 10 80°C. Reaction times which aiso depend on the process conditions are generally 5 to 600 minutes, preferably,

40 15 to 300 minutes.

Stoichlometric epoxidation is generally accomplished with organic peracids. Examples of peracids include: per-
acetic, performic, perbenzoic, pertriflucroacetic, m-chioroperbenzaie, and monoperoxyphthalic. It is possible that the
selactad peracid may be formed in situ or preformed beafore addition to the polymer solution, depending on the particular
acid and/or experimental conditions employed. Synthesis of the peracids is accomplished by combining a low-molecular

45 weight monocarboxylic acid or acid anhydride with hydrogen peroxide, usually in the presence of a strong acid catalyst

~ such as sulfuric acid, p-toluenesulfonic acid or phosphoric acid. A cationic exchange resin may also be used as the
catalytic agent. The monocarboxylic acid contains 1 to 18 carbon atoms, preferably, due to ease of handling and
favorable reactivity, 1 1o 9 carbon atoms. Preferred monocarboxylic acids are formic acid, acetic acid and propionic
acid. A combination of monocarboxylic acids may be employed to minimize side-feactions such as combinations of

50  formic and acetic acids in ratios ranging from 0.5:1 to 1.5:1.

The hydrogen peroxide is conveniently handled as a concentrated aqueous solution. The solution concentration
of hydrogen peroxide may vary from 1 to 99 waight percent, preferably 30 weight percent. Dependi ing on the desired

.reactian ldnetics, product composition, and so forth, it is reasonable to specily that the Hzozlrmnocarboxyllc acid molar
ratio is in the range 0.1 to 10, preferably 0.25 to 5, and more preferably 0.5 to 2.

55 Recovery of the spoxidized polymar may be accomplished by any method such as precipitation into a nonsolvent
such as methanol and isopropanal. steam stripping, and solvent evaporation. Deactivation or neutralization of the
epoxidation reagents may be effected before recovery. The epoxidized product may be combined or compounded with
additives such as antioxidanis, fillers, glass fibers, pigments, and the fike. All of these additives and the use thereot
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are well known in the art. .
The block copolymers of the present invention may function as elastomeric epoxy resins, impact modifiers, and
compalibilizers for polymer blends such as polyester/polyalefin blends. In addition, the block copolymers are reactive
with a variety of tunctional reagents to produce additional macromolscular structures. Functionatization of a hydrocar-
5 bon polymer substrate with epoxy groups provides numerous benefits ncluding the ability to react with a variety of
functional groupse during meh blending operations, enhancement of miscibility with other polymers, and resistance to
oils and hydrocarbon solvents.
The materials and testing procedures used for the results shown herein are as follows:
. Inherent viscosity (1.V.) was measured al 23°C. using 0.50 grams of polymer per 100 mi of a solvent consisting of
10 60% by weight phenol and 40% by weight tetrachlorosthane. :
The invention will be further illustrated by a consideration of the tfollowing examplas, which are intended 1o be
exemplary of the invention.
All pants and percentages in the examples are on a weight basls uniess otherwise siated.

15 EXAMPLE 1
Isoprene-1,3-Butadiene Diblock Copolymer

Cyclohexane, purified and driad by passage in series through stainless stes! columns containing activated basic

20 alumina and 3 A molscular sieves was added under inert argon atmosphere o a 3 liter glass-bowl reactor fitted with

an impeller-typo stirrer, sampling tube, and heat transfer coil. The reactor was equipped with a rubbsr septum port and

is also serviced by monomer, solvent, and inert gas lines directly plumbed into the apparalus with needle-valves and

Swagelok ® fittings. Previous pre-polymerization conditioning of the reactor was accomplished by charging 1000 mL

of purified cyclchexane into the vessel, heating to 60°C., and adding 0.2 mL of diphenylethylene followed by 2.0 mL

25 of 1.48 N sec-buty! lithium in eyclohexane via syringe to obtain a rad-orange sofution of living anions. Stifring the

conditioning solution for 4 hours at 80°C. was adequate to prepare the reactor for anionic polymerization. The activity

(i.e. molarity) of the sec-butyl! lithium solution was determined by doubls titration technigus. Isoprene, 105 mL {1.05

moles) purified in the same manner as described for cyclohexane, was charged to the reactor with difierentiat argon

pressure, stirring was commenced, and the monomaer/solvent combination was heated to 60°C. To the reaclor was

%0  added 4.8 mL (0.00715 moles) of 1.48 N sec-butyl lithium 1o initiate the polymaerization of the isopranse, which was

completed after 2 hours at 60°C. An aliquot of the pale yellow polyisoprenyl salution was taken for analytical testing,

the second block was formed by adding 82 mL (1.05 moles) of purified 1,3-butadiene 10 the reaction mixture evenly

over a time period of 10 minutes. Stirring the living sofution for 4 hours at 60°C. aflowed sufficient time for the reaction

to reach completion, as evidenced by the increase in viscosity. Temmination of the living block copolymer was accom-

as plished by adding 0.2 mL of degassed methanol, 0.1 grams of lrganox 1010 were added to avoid oxidative degradation

of the unsaturated substrate. The bulk polymer was recovered by precipitation into isopropanol, followed by drying in

vacuo at 80°C. for 24 hours. Polydiens microstructures, obtainabte from FT-4R, quantitative 13C NMR and 'H NMR

were 91% 1,4-addition and 9% 1,2-addition unils for the polybutadiene block, and 94% 1,4-addilion and 6% 3,4-addition

units for the polyisoprens block. Gel permeation chromatography (GPC) was used to determina the molecutar woeights

40 relative to polystyrene which were Mn (number average) = 15,500, Mw {weight average) = 17,000, and D {polydisper-
sity) = 1.0 for the polyisoprene block, 'anc! Mn = 33,100, Mw = 35,300, and D = 1.07 for the diblock copolymer.

EXAMPLE 2
45 High Vinyl Content Isoprene-1,3-Butadiene Diblock Copolymer

Purified cyclohexane, 1000 mL, was charged 10 a reactor which had been conditioned as in Example 1, stirring

was commenced and the temperature thermostated to 25°C. Next, 33.8 mL (0.417 moles) of tetrahydrofuran (THF) -
was distilled from a sodium-benzophenone kety! solution and added to the reactor via syringe, followed by 9.5 mL
S0 (0.0952 moles) of purified isoprene. The molar ratio of THF to initialor was 35:1. Addition of 8.0 mL of 12.23% (w/w)
sec-butyl lithium in cyclohexane was then performed to oligomerize the isoprane. After two hours at 25°C. a small
sample was withdrawn for analysis and 288 mL (3.3 moles) of purified 1,3-butadiene was metered in over a lime period
of 60 minutes 1o form the B-block. During the fead time and for an additional two hour hold period the reaction tem--
*perature was controlled and not allowed to exceed 33°C. The highly viscous yellow solution was terminated with 0.3
55 - mi of degassed methanol and 0.2 grams of Irganox 1010 was added to promote thermo-oxidative stability. The polymer
was recovered by coagutation into methanol foliowed by drying at 80°C. and 5 mm for 24 hours. Microstructures of
each block were determined in the same manner as set forth in Example 1. Values of 16% 1.4-addition units and 84%
3,4-addition units were obtained for the polyisoprene block, while the polybutadiene block was determined to be com-
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prised of 26% 1,4-addltion units and 74% 1,2-addition units. GPC determination of molecular weights, compared to
polystyrene standards, indicated that Mn = 670, Mw = 770, and D = 1.15 for the polyisoprane segment and Mn =
35,800, Mw = 37,400, and D = 1.04 for the diblock copalymer.

5 EXAMPLE 3
Isoprene-Butadiene-lsoprene Triblock Copolymer

Purified cyclchexane, 1000 mi was charged to a reactor which had been conditioned as in Example 1, stirring was
18 commenced and the temparature thermostated to 60°C. A syringe was used to quickly add 10.0 mL (0.0149 moles)
of 1.48 N sec-butyl lithium/cyclohexans solution to the reactor, followad immediately by 44 mL (0.438 moles) of purified
isoprene added over 5 minutes. After 2 haurs at 60°C, a sampte was taken of the polyisoprene A-block, before 240
mL (2.75 moles) of purified 1,3-butadiene was metered inio the reaction vessel over a period of 20 minutas and allowsd
to react at 60°C. for 3 hours. A sample was taken of the resulting AB-block copolymer. Next, 44 mL {0.438 moles) of
15 purified isoprene was added over 10 minutes and maintained al 60°C. for 2 hours o form the A-B-A triblock copofymer.
The living anion was quenched with 0.5 ml. of degassed isopropanc! before addition of stabilizer and subsequent
product recovery.
Microstructures tor all of the blocks are determined 1o ba over 0% 1.4 addition units. Molecular weights, relative to
polystyrene standards, are Mn = 1170, Mw = 1440, and D = 1.23 for the polyisoprene A-block; Mn = 25,500, Mw =
20 27.000, and D = 1.04 for the AB-blocks; Mn = 28,400, Mw = 30,800, and D = 1.05 for the triblock copolymer,’

* EXAMPLE 4

High Vinyl Isoprene-Butadiens-Isoprene Triblock Copotymer
28 -

Dipiperidinosthane (DPIP), 0.82 mL (0.00385 motes), 1000 mi of purified cyclohexane, and 8.5 mL (0.0B51 moles)
of purified isoprene was charged to a reactor which. had been condilioned as in Example 1, stirring was commenced
and the temperature thenmostated to 25°C. Sec-butyl lithium initiator (0.00193 moles) in cyclohexane solution was
added to the reactor through the septum port and the reaction was allowed to proceed for two hours at 25°C. before

96 asample was taken of the A-block. Next, 171 mL (1.96 moles) of purliied 1,3-butadiena was transferred into the reactor
over a time of 30 minutes and the reaction was held at 25°C. for an additional 3 hours, balore a sample was taken of
the AB-block. The second polyisoprene block was formed by adding 8.5 mL (0.0851 moles) of isoprene (o the living
solution and the reaction was allowed to pracaed for 2 hours before the viscous yeliow solution was terminated with
0.1 mL of degassed isocpropanol. The microstructures were ovar 90% 1,2 and 3,4 addition units for the polybutadiens

35  and polyisoprene blocks, respectively. The molecular weight values for ths triblock copolymer were Mn = 154,500, Mw

= 159,200, and D = 1.03 in comparison lo polystyrene standards.

EXAMPLE 5
40 Styrene-Butadiene-isoprene Triblock Copolymer

Purified cyclohexane, 1000 ml was charged to a reactor which had baen conditioned as in Example 1, stirring was
commenced and 20 mL (0.175 moles) of purified styrene was transfarred into the reactor via the septum port and the
temperature was increased lo €0*C., followed by 4.0 mL (0.0059 moles) of sec-butyl lithium/cyclohexane nitiator so-

45 lution. The reaction mixture, which tumed orange immediately. was allowed to proceed for six hours at 60°C. before
a sample was withdrawn of the A-biock. Next, 97 mL (1.11 moles) of purified 1.3-butadiene was sfowly metered into
the reactor over the course of 15 minutes, during which time the sclution changed from a deep orange 1o a taint yeliow .
color. A significant incraass in viscosity was observed as the living A-B block copolymer was allowed to form over a
time of 2 hours at 60°C. and a second sample was withdrawn for analysis. The A-B-C triblock copolymer was obtained

50 . by adding 105 mL (1.05 moles) of purified isoprene lo the reactor gradually over a 15 minute time period, followed by
stirring the mixture at 60°C. for two additional hour. Termination of the living solution was accomplished by adding 0.1
mL of degassed methanol. Analysis by 1H NMR indicated that both the B and C blocks have microstuctures containing
over 80% 1,4 addition units with the polybutadiene block specifically containing 91% 1.4 and 9% 1,2 addition units.
The molacular weights, as determined by GPC relative to potystyrene standards, were Mn = 3500, Mw = 4000, and D

$5  =1.11 for the polystyrens A-block; Mn = 23,300, Mw = 24,500, and D = 1.05 for the polystyrene/polybutadiene diblock
copolymer; Mn= 41,100, Mw = 43,900, and D = 1.07 forthe polystyrene/polybutadiens/polyisoprens triblock copolymer.
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EXAMPLE 6
Isoprene-Butadiens-lsoprene Partially Tapered-Block Copolymer

5 A one liter round bottom Rask equipped with.a magnstic stir-bar and side-arm septum port was connected to a
vacuum line and flame dried to remove surface moisture. Approximately S00 mL of ioluene was distilled directly into
the reaction flask from a living polystysyl lithium solution. The A-block was formed by the addition of 15 grams (0.22
moles) of purified isoprene to the reactor foliowed by 1.0 mL (0.0015 moles) of sec-butyl fithium solution, after which
the faint yellow solution was allowed to stir for 3 hours at 30°C. A sample was taken of the A-block before 30 grams

10 (0.554 moles) of purified 1,3-butadiene and 15 grams (0.22 moles) of purified isoprene was added 1o the reactor si-
multaneously and allowed to stir for 3 hours at 30°C. The viscous reaction mixture was terminated with several drops
of degassed isopropanol, stabilized with 0.5 grams of Irganox 1010, and precipitated into 1.5 liters of methanol. Drying
the poiymer in vacuo al 80°C, for 24 hours completed the recovery procedure. Analysis by proton NMR indicated that
boththe polyisoprane and pafybutadiene units were added in over 90% of the 1,4 addition mode. The molecular weights

75 - of the polyisoprene A-block, as determined by GPC, were Mn = 14,100; Mw = 14,500; D = 1.03, and the combined
molecular weights for the tapered polyisoprane-polybutadiene triblock copolymer ware Mn = 71,900, Mw = 78,400,
and D = 1.08. '

. EXAMPLE 7
20

Isoprene-Bu_ladisne Tapered Star-Branched Block Copolymer

A one liter flask, outfitted and prepared in the same manner as described in Example 6, was used as a receiver

to callect SO0 mL of toluene that was distilled from a sodium dispersion. Five grams (0.073 moles) of purified isoprene

25 was added 10 the reactor followed by 1.0 mL (0.0015 motas) of sec-buty! lithium to initiate the polymerizalion. After

stirring at 25°C. for 30 minutas over 75% of the monomer was consumed and a small sample was collected. Next, 45

grams (0.83 moles) of 1,3-butadiene was distilled into the vesse! and the reaction allowed to proceed for 6 hours 1o

ensure complete conversion. Frashly distilled methyitrichlorasilane, 0.20 grams, (0.00135 moles) was added to couple

the tapered diblock chains into a three-arm star geometry. GPC motecular weight analysis indicated that the molecular

30 weight of the pure isoprane block ware Mn = 3340, Mw = 3670, and D = 1.1. The resuhs for the tapered diblock were

Mn = §7,700, Mw = 64,600, and D = 1.12. Determination of the linking efficiency was obtained trom GPC analysis and

indicated that over 90% of the arms were coupled into the three-arm star species. The microstructure determination
revealed that both dienes were polymerized to over 90% 1,4-enchainment.

& EXAMPLE 8
Selective Hydrogenation of High-Vinyl isoprene/1,3-Butadiens Diblock Cobdymer

Fifty grams of the polymer prepared in Example 2 was retained in the same reactor that was ussd to conduct the

<0 polymerization. A.dditional cyclohexane which was purified by passage through a column conlaining basic alumina and
molecular sieves was addad 1o the reactor to bring the total solution volume up to 500 mL. The temperature was
increased to 50°C. and hydrogen gas was sparged through the solution. This amount of polymer represenied 0.89
moles of polybutadiena repaat units. The hydrogenation catalyst was prepared separately ina dry 100 mL round bottom
two-neck flask by dissolving 0.82 grams (2.67 x 10-2 moles) of nickel ocloate in 50 mL of purified cyciohexans. Next,

45 6.8mL (8.81 x 103 moles) of a 1.33 M triethylaluminum/cyclohexane solution was added to the nicke! octoats soluticn
over a peried of 30 seconds. During the addition a moderate exotherm was observed along with a change in solution

color trom clear green to a black, colloidal appearance. The catalyst was aged for 15 minutes before addition 10 the
reactor. A hydrogen prassure of 50 psig (446 KPa) was instituted and maimained for 8 hours before the reaction was
terminated by the addition of several mlL of 6N hydrochloric ecid. A lew drops of Jeflamina D-2000 was added to

50 (acilitate catalysl removal. Analysis of the product by FT-IR indicated that 99% of the polybutadiene unils were satu-
rated, while a subslantial portion of the polyisoprane unsaturation remained intact. .

EXAMPLE 8
S5 Seleclive Hydrogenation of Isoprene-Buladiens-Isoprene Block Copolymer

Fifty-two grams of the polymer prepared in Example 3 was retained in the polymerization reactor, which also served
as the hydrogenation vessel. Toluens, which had been dried by passage through a column containing molecular sieves

<
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was added in the amount of 750 mL to bring the total solution volume up 1o one liter. The temperature was increased
10 90°C. and hydrogen gas was bubbled through the solution for 15 minutes. This amaunt of polymer represented 0.69
moles of polybutadiene repeat units. The hydrogenation catalyst was prepared in the same manner as described in
the previous example by dissolving 0.64 grams (2.07 x 102 molas) of cobalt ocloate (19% active Co. wiw) in 50 mL
5 of dry cyclohexane. Next, 6.7 mL (0.0104 moles) of a 15.13 weight% solution of n-butyl lithium in hexane was added
over a time period of 60 seconds. The solution immediately changed from a dark blus to black color accompanied by
a moderate exotherm. After 15 minules the catalyst was addad via syringe 1o the reactor and a hydragen pressure of
50 psig (446 KPa) was maintained for 8 hours at 80°C. The polymer, which daveloped crystaliinity during the course
of the reaction, remained in the tolusne solution at this lsmperature. Analysis by both 1H and 13C NMR indicated that
10 over 98% of the polybutadiens units were saturated, while in excess of 75% of the polyisoprene units remain intact.

EXAMPLE 10

Epoxidation of Isoprene-Ethylena/1-Butene Diblack Copolymer
15

The diblock copolymer synthesized in Example 2 and hydrogenated in Example 8 was epoxidized with performic
acid generated in situ. Atoluene solution containing 25 grams (0.0129 moles of isoprene units) of the diblock copolymer
in 500 mL of toluena was charged to a 1000 mL round bottorn flask equipped with an overhead 316 SS paddletyps
stirrer, heating mantle, nitrogen Inlet, and reflux condenser. The tamperature was raised 1o 50°C. and 2.0 grams (0.039
.20 moles) of 88 welght parcent formic acid was added, followed by the dropwise addition of 3.9 mL (0.039 moles) of 30
weight percent hydrogen peroxide. Conditions for this example are approximately a 3X stoichiomslric excess of per-
formic acid/double bond. After 6 hours at 50°C. the clear green solution was poured into 1500 mL of methana! 1o
precipitate the polymer. The recovery procedure was complsted by drying the polymer at B0*C. for 24 hours under
reduced pressure. Analysis of the product by 'H NMR indicated that over 90% of the unsaturated units were epoxidized.

25
EXAMPLE 11
Epoxidation of Isoprene-b-Ethylene/1-Butene-b-Isoprene Triblock Copolymer

30 The triblock copolymer synthesized in Example 3 and hydrogenated in Example 9 was epoxidized with performic

acid. A toluene solution containing 50 grams (-0.21 moles isoprenyl double bonds) of the triblock copolymer in S00 mL
of dry toluene was charged to a 1-liter round bottom flask equipped with an overhead 316 SS paddle-type stitrer,
heating mantle, argon inlet, and reflux condenser. The solution was healsd to 60°C. and 43.9 grams (0.840 moles) of
88 weight percent formic acid is added. Next, 94.8 grams (0.840 males) ot H,O, (30 weight% in water) was slowly
35 added 1o the reaction vessel over the course of 5 minutes. A 4:1 molar ratio of performic acid to double bonds was
obtained. The reaclion was allowed to proceed for 8 hours at 60°C. befare the mixture was poured into 2 liters of
methanol to pracipitate the polymer, which was dried in vacuo for 24 hours at 75°C. Analysis of the product by 1M NMR
indicated that ovar 50% of the unsaturated polyisoprens units were epoxidized.
The following examples indicate that an epoxidized polyisoprene unit is reactive with a typical polyester during
40 meit processing conditions. The copolyester used in the following examples is a commercial grade PETG containing
30 mole percent of 1,4-cyclohexanedimethano! whh an IV of 0.74.

EXAMPLE 12
45 Control Blend of PET Copolyester and Polyisoprene (80:20)

A total of 48 grams of the copolyester and 12 grams of a polyisoprene (Mn=72,000; D=1.1) wera dried sepamtety
under vacuumn with a nitrogen sparge at 75°C. for 24 hours. Microstructural composition of the polyisoprené was 94
mole percent 1,4- and 5 mole% 3,.4-addition units. The components were combinad and the dry mixture was melt
50 blended in a Haake-Buchler torque theomster equipped with a 60 gram mixing bowl. Mell processing was conducted
at 230°C. for 10 minutes at 50 RPM. Torque buildup verses time of the malt phase reaction is listed in Table I. The
data in Table | clearly indicates that no increass in torque occutred after one minute, which is indicative of no molecular
weight increases due to the occurrence of melt phase reactions. Thus, the polyisoprene was not reactive with the
copotyester during melt biending.
55 The epoxidized polyisoprene (Mn=58,400; D=2.8) referred to in Examples 13 and 14 contains 84% 1,4- and 6%
3,4-addition units and is substituted to a leve! of 468 mole percent oxiranse groups. -

.
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EXAMPLE 13
Blend of PET Copolyester and Ep;:xidized Palyisoprene (90:10)

5 A total of 54 grams of PET copolyester and 6 grams of epoxidized polyisoprene were dried separately under
vacuum with a nitrogen sparge al 75°C. for 24 hours. The components were combined and the dry mixture was meift
blended in a Haake-Buchler torque theometer equipped with a 60 gram mixing bowl. Melt processing was conducted
at 230°C. for 10 minutes a1t 50 RPM. Torque buildup verses time of the mait phase reaction is listed in Table il. The
data in Table |l clearly indicates that a significant increase in torque occurred after one minute, which is indicative of

70 molecular weight increases due to the occurrence of melt phase reactions. Tha increase in torque is indicative of a -
meh phase reaction between the blend components, resulting in a build-up of molecular weight.

EXAMPLE 14
15 Blend of PET Copolyester and Epoxidized Polyisoprene (80:20)

A total of 48 grams of the copolyester and 12 grams of epoxidized polyisoprene were dried separately under
vacuum with a nitrogen sparge at 75°C. for 24 hours. The components were combined and the dry mixture was melt
biended in a Haake-Buchler torque theometer equipped with a 60 gram mixing bowl. Melt processing was conducted

20 at 230°C. for 10 minutes at 50 RPM. Torque buildup verses time of the meh phase reaction Is listed in Table ill. The

data in Tabls lll clearly indicates that a significant increase in forque occurred after one minute, which is indicative of

" molecular waight increases duse to the occurrence of malt phase reactions. The increase in torque is indicalive of a
mel phase reaction between the blend components, resulting in a build-up of molecular weight.

The following examples illustrale that an epoxidized polyisoprane-b-ethylene/1-butene diblock copolymer is an

25 eflective emulsifier for polyester/polyolefin blends. .

EXAMPLE 15

Blend of PETG Copolyester and Pelypropyiens (80:20)
30
A total of 48 grams of PETG copolyester, containing approximately 30 mole percent cyclohexanedimethanot, and
12 grams of an impact grade of polypropylens (MFi = 1.8) containing 15 weight perceni ethylene wore dried separately
undsr vacuum for 24 hours at B0°C. The componants were combined, forming an 80:20 waeight ratio of copolyesler to
polypropylene, and the dry mixture was mell blended in a Haake-Buchler torque rheometer equipped with a 60 gram
35 mixing bowl. Melt processing was performed at 230°C. for 10 minutes at 50 RPM. Analysis of the blend by a scanning
electron microscope, provided in Figure 1, shows the dispersed phass domains have diameters up to 8 microns. There
is also considerable voiding on ths tracture surface, indicative of poor Interfacial adhesion.

EXAMPLE 16
40

Tricomponent Blend of PET Copolyester, Polypropylene, and Epoxidized Polyisoprene-b-Ethylene/1-Butene Diblock
Copolymer (75:20:5)

A total of 45 grams of PETG copolyesler, 12 grams of an impact grade polypropylene {MFI=1.8) conlaining 15

45 waight percent ethylene, and 3 grams of the epoxidized diblock-copolymer prepared in Example 10, were dried sep-

arately in vacuo with a nitrogen sparge for 24 hours at 75°C. The cdry components were combined, resulting in a 75:

25:5 weight ratio of copalyester 1o polypropylene to compatibliizer, and the mixture was melt blended in a Haake-

Buchler torque rheomster equipped with a 60 gram mixing bowl. Me!t processing was performed at 230°C. for 10

minutes at 50 RPM. Analysis of the blend by a scanning electron microscope, as shown in Figure 2, indicated that the

50 . dispersedphase wae evenly distributed in the matrix with only afew isolated particles having diamelers up to 3 microns.
There is little voiding on the fracture surface, which is indicative of excelient interfacial adhesion.

TABLE ) )
os Torque Buildup Verses Time of the Melt Phase Reaction
TIME (sec.) TORQUE
0:0° 0

12
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TABLE | (continued)

Torque Buildup Verses Time of the Melt Phase Reaction
TIME (sec.) TORQUE
s - 012 264
‘ 0:.24 2295
0:36 2301
.48 1321
10 10 1022
112 851
1:24 821
1:36 873
1:48 937
15 2:0 1023
2:12 1032
2:24 ‘ 1005
2:36 992
20 2:48 1023
30 i 1000
312 1001
3:24 ) 996
3:36 895
25 348 983
40 ' . 980
4:12 833
4:24 964 -
30 4:36 969
4:48 942
50 924
36 . TABLE )
Tomue Bulidup Verges Time of the Melt Phase Reaction
TIME (ssc.) TORQUE
. 00 91
40 : 0:12 339
) 0:24 2200
0.36 2199
0:48 - 1843
45 1.0 ‘ ' 1792
1312 1829
124 1858
1:36 . 1772
1:48 1624
s0 2:0 . 1527
212 1475
2:24 - 1392
2:36 1397
55 2:48 1336
30 1314
312 1291

13
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TABLE Il ({continued)

Torque Buildup Verses Time of the Meh Phase Reaction
: TIME (sec.) TORQUE
s : 324 1264
3:36 1250
3.48 1205
40 1183
10 4:12 1135
4:24 - 1141
4:36 1130
4:48 1102
5:0 1089
15
TABLE Il
‘ Torque Buildup Verses Time of the Melt Phase Reaction
20 TIME (sec.) - " TORQUE °
0:0 ’ 73
0:12 . 187
: 0:24 133
25 0:36 . 1132
) 0:48 ’ 1553
10 1797
1:12 1746
1:24 1758
a0 1:38 181
1:48 1779
20 1721
2:12 1627
as 2:24 1582
2:36 1492
2:48 1437
30 1373
312 1344
0 - 324 1305
3:36 1204
3.48 1263
4.0 . . 1246
45 412 1209
4:24 1208
4:36 » 1220
4:48 . 1164
5.0 1151
50
Claims
1. Aprocess for praparing a selectively hydrogenated polydiene block copolymer with regiospecifically placed epoxy
55 ‘groups, which is useful as a compatibliizer for polymer blends, sald process comprising the following steps:

(1) polymarizing a conjugated diolefin in a solvent selected from the group consisting of potar and nonpolar
solvents under anionie polymaerization conditions to form a living polydiene;

14
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(1) combining the polydiene of Step (1) with a conjugated diolefin having a degres of substitution diﬂsrenl than
the conjugated diolefin of Step (l) to form a block copolymar;

(1) reacting the block copolymer of Step (1) with hydrogen gas in the presence of a soluble transition metal
catalyst and an organometallic reducing agent to fonm a selectively hydrogenated block copolymer wherein
the less substituted blocks are at feast 98% hydrogenated;

{IV) epoxidizing the unsaturated sites of the non-hydrogenated blocks.

A hydrogenated polydiene block copolymar with regiospecifically placed epoxy groups prepared by the process
of Claim 1.

The process according to Claim 1 wherein the ndnpolar solvent is selected from the graup consisting of acyelic
and cyclic hydrocarbons containing 4 to 12 carbons atoms, and aromatic and alkyl substituted aromatic hydrocar-
bons containing 6 1o 12 carbon atoms.

' The process according to Claim 3 wherein the nonpolar sotvent is selected from the group consisting of cyclohex-

ane, heptane, benzens, toluene, tetralin, xylens, and mixtures thereof.

The process according to Claim 1 wherein the polar solvent is selected from the group consisting of ethers, amines,
and mixtures thereof.

The process according to Claim 1 wherein the anionic polymerization reaction of the conjugated diolsfin is con-
ducted at a temperature in the range of -100°C. to 200°C.

The process according to Claim 6 whersin the anionic polymarization is conducted al a temperature in the range
of 0°C. 1o 100°C.

Tha process according to Claim 7 whetaln tha anionic polymerization is conducted at a temperaturs in the range
of 25°C. to 75°C.

The process according to Claim 1 wherein the conjugatad diolaﬁn monomer has the formuta:

1 2
hj L—-CH——— 3
HZ R

wherein R', A2 and R? are independsnily selacted from the group consisting of hydragen, alkyl, aryl, hatogen,
alkyl ether, and aryl ether.

The process according to Claim 9 wherein the con]hgated diolefin monomar is selected from the group consisting
of isoprene, 1,3-butadiens; 1,3-pentadiens 2,3-dimethyi-1,3-butadiene, 2-methyl-1,3-pentadiena, 1,3-hexadieris, -
2-chloro-1,3-buladiens, 2-phenyl-1,3-buladiens, myrcene 2,3-diphenyl-1,3-butadiens and mixlures thereof.

The process according to Claim 1 wherein the molecular weight of the more substituted polydiene.block is lower
than the molecular weight of the less substituted polydiene block.

The process according to Claim 11 wherein the molecular weight of the less substituted polydiene block is 1000
to 1,000,000 daltons.

The process according to Claim 12 wherein the rholacular weight of the less substituted polydiene block is 5000
to S00,000 daltons.

The process according to Claim 13 wheraein the molecular weight of the less substituted po!ydnene block is 10,000
to 250,000 dalions.

The process according to Claim 11 wherein the molscular waight of the more substituted porydiene block Is 100

e
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to 250,000 daltons.
16. The process according to Claim 15 wherein the molecular weight of the more substituted polydiene block is 300
to 100,000 daltons.
5
Patentanapriiche

1. Vertahren zur Herstellung eines selekliv hydrierten Polydien-Blockcopolymeren mit regiospezifisch angsordneten -
10 . Epoxygruppen, welches als ein Compatibilisator fir Polymerblends brauchbar ist, wobsi das Verfahren dis folgen- -
den Schritte umfast:

(1) Polymerisieren eines konjugierten Diolefins in einem Lasemittel, gewahft aus der polare und nichtpolare
Losemittel umfassenden Gruppe, unter anionischen Polymoerisationsbedingungen zur Bildung eines tebenden
15 Polydiens; :
: (11) Vereinigen des Polydiens von Schitt (1) mil einem konjugierten Diolefin mit einem Substitutionsgrad, der
sich'von dem des konjugierten Diclefins von Schritt () unterscheidet, zur 8Bildung eines Blockcopolymeren;
(1) Umsetzen des Blockcopolymeren des Schrittes (1) mit Wasserstoftgas in Gagenwart eines I3slichen Uber-
gangsmetallkatalysators und eines organometallischen Reduktionsmittels zur Blidung eines seloktiv hydrier-
20 . ten Blockcopolymeren, wobel die weniger substituierten Bidcke mindastens zu 98% hydriert sind;
(1V) Epoxidieren der ungesattigten Stellen der nicht hydrierten Blocke,

2. Hydriertes Polydien-Blockeopolymer mit regiospezifisch angeordneten Epoxygruppen, hergestellt gemal dem
Verfahren von Anspruch 1. - :
25 T .
3. Vertahren gemaB Anspruch 1, wobei das nichtpolare Lésemitiel gowdhlt wird aus der Gruppe bestehend aus
acyclischen und cyclischen Kohlenwasssrstoffen mit 4 bis 12 Kchlenstoffatomen und aromatischen und Alkyl-
substituierten aromatischen Kohlenwasserstofflen mit 6 bis 12 Kohlenstofiatomen.

30 4. Vertahren gemaB Anspruch 3, wobei das nichtpolare Ldsemittel gewdhit wird aus der Gmpﬁe bestehend aus
Cyclohexan, Heptan, Benzol, Toluol, Tetralin, Xylo! und Mischungen davon.

§. Verlahren gemaB Anspruch 1, wobei das polare Lésemitta! gewahit wird aus der Gruppe bestehend aus Ethem,
Aminen und Mischungen davon.

6. Verfahren gemaf Anspruch 1, wobel die anioniache Pcherisaﬁonsréahion des konjugierten Diolefins bei einer
Temperatur im Bereich von -100°C bis 200*C durchge!Ghn wird. '

7. Verfahren geméﬁ Anspruch 8, wobei die anionische Polymerisation bei einer Temperatur im Bereich von 0°C bis
<40 100°C durchgefohrt wird.

8. Verfahren gamaf Anspruch 7, wobel die anioniache Palymerisation bei einer Temparatur im Bersich von 25°C bis
75°C durchgetiihrt wird. . . oo : .

45 9. Verfahren gemiB Anspruch 1, wobei das konjugierte Diolefinmonomer die tolgende Forme) besitzt.

-R' R?

50 f |
H>C=C - C=CH-R®

worin R', R? und R unabhangig gewahtt werden aus dar aus Wasserstof!, Alkyl, Aryl, Halogsn, Alkylether und
55 Arylether umfassenden Gruppe. ’

10. Verfahren gemiB Anspruch 9, wobei das konjuglerte Diolsfinmonomer aus der aus folendem bestehenden Gruppe
gewahit wird: Isopren, 1,3-Butadien, 1,3-Pentadien, 2,3-Dimethyl-1,3-butadien, 2-Methyl-1,3-pentadien, 1,3-He-
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xadien, 2-Chlor-1,3-butadien, 2-Phenyl-1,3-butadien, Myrcen-2,3-diphenyl-1.3-butadien und Mischungen davon.

11. Verfahren gemaB Anspruch 1, wobei das Molekulargowicht des starker subsiituisnten Palydisnblocks niedriger als
das Molekulargewicht des weniger substituierten Polydisnblocks ist.

12. Vertahren gemaB Anspruch 11, wobei das Molekulargewicht des weniger substituierten Polydienblocks 1 000 bis
1 000 000 Dahon betragt.

13

Vertahren gemaB Anspruch 12, wobei das Molekulargewichi des weniger substituierten Pclydienblocks 5 000 bis
500 000 Dalton betragt '

14

Vertahren geman Anspruch 13, wobei das Molskulargewicht des weniger substituisrien Polydienbiocks 10 000
bis 250 000 Dalton betragt.

16. Verlahren gemiB Anspruch 11, wobei das Motekulargewicht des starker substiluierten Polydienblocks 100 bis 250
000 Dailton betrigt. :

16. Vertahren gemaf Anspruch 15, wobel das Molskulargewicht des stirker subsiituierten Polydienblocks 300 bis
100 000 Dalton betragt

Reveandications

1. Procédé de préparation d'un copolymeére séquencé de polydidne sélectivement hydrogéné présentant des grou-
pement époxy placés da tagon régiospécifique, qul sont utiles en tant qu'agent de compatibiiité destinds aux mé-
langes de polymares, ledit procédé comprenant les élapes suivantes :

(1) la polymérisation d'une dioléfine conjuguéde dans un solvant cheisi dans le groupe constitué des solvants
polaires et non polaires, dans des conditions de polymérisation anionique pour former un polydiéne vivant ;
(i) lassociation du polydidne de ('dtape (1) avec une diocléfine conjuguée ayant un degré de substitution dif-
férent de celui de la dioléfine conjuguse de Fétape (1) pour former un copolymare séquencé ;

(1t} laréaction du copolymare séquencé de I'étape (1) avec de 'hydrogdne gazeux en présence d'un catalyseur
de type métal de transition soluble et d'un agent réducteur organométallique pour former un copolymare s6-
quencé sélectivement hydrogéné dans lequel les séquences moins substitudes sont hydrogénées a au moins
98 %, :

(1) Fépoxydation des shes insaturés des séquences non hydrogénées.

2. Copolymdre séquencé de polydidne hydrogéné présentant des groupements époxy placés de fagon régiospéci-
fique, préparé par le procédsé selon la revendication 1.

3. Procéds selon la revendication 1, dans lequel {a solvant non polaire est choisi dans le groupe constitus des hy-
drocarbures acycliques et cycliques contenant ds 4 4 12 atomes de carbone et das hydrocarbures aromatiques
et aromatiques alkyle-substituéas contenant de € & 12 atomes da carbone. ' -

4. Procéds selon la revendication 3, dans lequel le solvant non potaire est choisi dans le groupe constituéd du cycio-
hexane, de I'heptane, du benzane, du tolugne, de la tétraline, du xyléne et de leurs mélanges.

6. Procéds selon Ia revendication 1, dans lequel le solvant polaire est choisi dans le groupe constitué des éthers,
des amines et de leurs métanges.

6. Procédsé selon la revendication 1, dans lequel ta réaction de polymeérisation anionique de la dicléfine conjugués
est réalisée & une température comprise dans la gamme de -100°C a 200°C. . .

7. Procéds selon larevendication 6, dans laquel la polymérisation anionique est réalisée & une temnpérature comprise
dans {a gamme de 0°C & 100°C,

8. Procédé selonla revendication 7, dans lequel la polymérisation anionique est réafisée a une témpérature comprise
dans la gamme de 25°C a 75°C.’

.«
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9. Procédé selon la revendication 1, dans laequel le monomeére de dioléfine conjuguée a la formule :

. R} R?
Hzc= — == CH+R3
10 dans laquelle R1, A2 et R3 sani choisis indépendamment dans le groupe constilud de thydrogénse, des alkyles,

des aryles, des halogénes, des alkyléthers et des aryléthers.

10. Procéds selon Ia revendication 9, dans laquel le monomeare de dioléfine conjuguée est choisi dans le groupe

constitué de lisopréne, du 1,3-butadidne, du 1,3-pentadiana, du 2,3-diméthyl-1,3-butadiane, du 2-méthyl-1,3-pen-

15 tadidne, du 1.3-hexadiéne, du 2-chioro-1,3-butadidne, du 2-phényi-1,3-butadisne, du myrcans, du 2,3-diphényk
1.3-butadiane et de leurs mélanges. )

11. Procéds selon la revendication 1, dans lequel le poids moléculaise de la séquence de polydidne plus subastitués
est intérisur au poids molsculaire de la séquence de polydidne moins substituée. i

20 .
12. Procédsé selon la revendication 11, dans lequel Ie poids moléculaire de la séquence de polydidne moins substituée
est compris entre 1000 et 1 000 000 daltons.
13. Procéds selon la revendication 12, dans lequel le poids moléculaire de la séquence da polydidne moins substituée
25 £st compris entra 5 000 et 500 000 dattons. .

14. Procédsé selon la revendication 13, dans lequel Ie poids molécuhiré de la séquence de polydiane moins substiluée
est compris entre 10 000 et 250 000 daitons.

30 15. Procéds selon la revendication 11, dans lequel le poids moléculaire de la séquence de polydiéne plus substiuée
esl compris entre 100 et 250 000 daltons.

16. Procédé selon la revendication 15, dans lsqhel le poids moléculaire de la séquence de polydiane plus substituée
est compris entre 300 et 100 000 daltons.
as
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